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3. Abstract
Tegra Medical, based out of Hernando, MS, is a contract manufacturer of a wide variety of medical equipment.
Currently, they are under a contract to manufacture a set amount of femur rods using their Swiss machines. In their
current manufacturing process of these femur rods, a machine operator is needed to manually remove the femur rod
from the Swiss machine when it is completed. This process requires the machine operator to pause the Swiss
machine, open the front hood of the machine, remove the part, and then restart the machine to continue the
manufacturing process. Because their current manufacturing process involves unnecessary steps that add time to the
process, Tegra Medical has tasked our team to automate the ejection of the femur rods upon completion. Our team
arrived at a final design of a bracket mounted air nozzle that will be installed in location 29 in Tegra Medical’s
Swiss machines. Once the manufacturing cycle of the femur rod is completed, the secondary spindle of the Swiss
machine will move to location 29, the femur rod will be pushed into the spindle by the air nozzle, and the femur rod
will be ejected out of the back of the machine with 80 psi of air pressure. Our team’s design will reduce the femur
rod production time by 60 seconds with an increase in units per hour of 32%.

4. Product Design
4.1. Identification of Need
Currently, to eject a femur rod from the Swiss machine, Tegra Medical has an operator stop machine production to
lift the hood of the machine to pull out the femur rods one by one. This process takes nearly one minute and requires
the operator to be standing there throughout the duration of the manufacturing cycle. This process is inefficient,
because the time spent waiting for the machine to stop and start back up again can be eliminated with an automated
ejection design. Additionally, the creation of an automated design could eliminate the need of an operator standing
by the Swiss machine, allowing Tegra Medical to align their staffing more efficiently.

4.2. Background Research
Tegra Medical Inc. is a contract manufacturer of finished medical devices and complex medical components. They
are currently manufacturing complex surgical femur rods.
The machine that the femur rods are being manufactured on is a Swiss machine. A Swiss machine operates similarly
to a lathe, which spins a central rod a very high speeds, and uses tools to grind/mill a product to the right shape. A
Swiss machine is similar but has a key difference: it has a moving second spindle which allows for machining the
front end of one part and the back end of another. This allows for faster manufacturing, because two parts can be
machined at once. Most parts machined in a Swiss machine can be automatically ejected at the end of their
manufacturing by simply being dropped by the second spindle into a collection basket. The femur rods currently
being manufactured are too large to for this simple procedure.

4.3. Goal Statement
Tegra Medical did not provide our team with specific timed goals, however the main goals for our project were to
reduce the time to eject the femur rods and to automate the process. Completing both goals would save Tegra
Medical money and time through the decreased use of machine time and reducing the burden rate by eliminating the
need of an operator to stand by and manually eject the femur rods. The problem statement for our project was
“currently, Swiss machine operators at Tegra Medical must manually stop and open the machine to remove the
manufactured femur rod, creating an inefficient process and long cycle time. By designing and installing an
automated part ejector along with an installation bracket, our team will reduce the femur rod production time from
180 seconds to 123 seconds with a 32% increase in UPH from 20 units per hour to 29.3 units per hour”.

4.4. Product Design Specifications
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The table below shows our team’s working product design specification document. This document has been updated
throughout the lifetime of the project, reflecting the current state of the project at the time.
Table 1. Product Design Specification Document
1.0 Performance:
1.1 Push the femur 2 meters so that rod is fully into the rear spindle.
1.2 Create a seal between the ejector and the rear spindle.
1.3 Connect to air line from regulator without interfering with any other positions.
1.4 Use air pressure at 80 psi to blow rod fully through the back of the spindle.
2.0 Environment:
2.1 The automated ejector will operate at position 29 inside of a Swiss machine
2.2 The operating temperatures will not exceed 100 °F, with the use of cooling oil
2.3 The automated ejector will need to withstand oil splashes
3.0 Life in Service
3.1 The product will need to last without wearing down for at least 6 months of daily use, but variable depending on the
duration of part manufacturing.
4.0 Shelf Life
4.1 The product will have a shelf life of 3 years. They will be stored on site for two months before distribution.
5.0 Target Costs
5.1 The part should cost $ 1,000
5.2 The manufacturing cost of the product should be $ 30
5.3 The packaging and shipping cost should be no more than 30% of the manufacturing cost.
6.0 Quantity
6.1 The part should be made to the size of the product, and thus will be variable depending on what sizes are needed for the
given product.
7.0 Maintenance
7.1 To be maintenance free, if part is damaged another should be ordered.
7.2 Ejector should be inspected every morning before use to ensure no deformation or physical changes.
8.0 Marketing
8.1 Product is originally designed for Tegra Medical, so no primary marketing is required.
8.2 Once product is used in production at Tegra Medical, marketing will be started for other manufacturing centers using
Swiss Machining in the United States.
8.3 Marketing will start with companies within the United States, however, will expand internationally after domestic success.
9.0 Packaging
9.1 Packaging cost should be reduced to a minimum, ideally less than 5% of unit cost.
10.0 Size and Weight
10.1 The length should not exceed 15 cm
10.2 The width should not exceed 5 cm
10.3 The height should not exceed 25 cm
10.4 The weight should not exceed 1 kg
11.0 Manufacturing Process
11.1 For flexibility and reduced cost, the automated ejector will be 3-D printed.
12.0 Installation
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12.1 The automated ejector will be bolted into the back plate of the Swiss machine at position 29.
13.0 Standards
13.1 BS 6105 and BSEN 20898(1) Bolts
13.2 BS 6322(2) & BS 4320 Nuts and washers
13.3 BS 1399 Seals

4.5. Concept Selection
To select our final design, our team created a design selection matrix to best analyze what design option would be
the best overall to satisfy our design goals and requirements. The design selection matrix can be found below.
Ultimately, we decided to move forward with a conic nozzle design, because it offered greater versatility for Tegra
Medical. The use of a conic nozzle would allow Tegra Medical to use the design for other parts not limited to just
the manufacturing of femur rods.
Table 2. Design Selection Matrix

4.6. Detailed Design
After the selection of our final design, the detailed design was started. This included creating a CAD model and
drawing, creating a bill of materials, and creating a design failure mode and effect analysis. The CAD model of the
bracket housing for the air nozzle was drafted in the Creo Parametric program and was sent to Tegra Medical to be
3D printed. Once this part was 3D printed, we were able to test fit it inside of a Swiss machine at Tegra Medical.
The next step in our final design process was creating a bill of materials. Our team found all of the parts included in
our design on mcmaster.com, excluding the 3D printed bracket. The total cost of our design came out to $26.82. To
analyze the possible failures of our design, our team created a design failure mode and effect analysis (DFMEA).
From our DFMEA, we concluded that the wear of the rubber coating surrounding the air nozzle would have the
highest chance of failure. However, this problem is easily resolved since the air nozzle can be easily replaced inside
of the Swiss machine if the rubber coating becomes damaged. The CAD model, bill of materials, and DFMEA can
be found below. Furthermore, our team made theoretical calculations for the exit velocity of the femur rod. The
values we calculated were much greater than what they will be in a real application due to factors we can’t control
such as the amount of coolant that will be surrounding the femur rod as it ejects from the Swiss machine. The
equations our team used can also be found below.
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Figure 1. Prototype CAD Model

Table 3. Prototype Bill of Materials

Bill of Materials
Item No.

Part

Material

Quantity

Total Price

1

Air Nozzle

Rubber

1

$6.07

2

Mount

Plastic

1

$10.00

3

18-8 Flat Head Screw

Stainless Steel

2

$0.25

4

Threaded Bushings

Steel

2

$10.50

Total Cost

$26.82
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Table 4. Prototype DFMEA

Sample Equations:

𝐹𝑁𝑒𝑡 = (𝐹𝐹𝑙𝑜𝑤 − 𝐹𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 ) × 𝐹𝐸 𝑂𝑖𝑙 (1)
𝐹𝑁𝑒𝑡 = (𝑃 × 𝐴) − (𝜇𝑠 × 𝑀 × 𝑔) (1)
𝐹𝑁𝑒𝑡 = 𝑀 × 𝑎

(2)

𝑉𝑒 = 𝑉𝑜 + 𝑎 × 𝑡 (3)

4.7. Design Summary / Conclusion
From our testing, we concluded that our design would reduce the femur rod ejection time from about one minute
down to about three seconds. Additionally, this would reduce the overall manufacturing time from three minutes
down to two minutes. This will allow Tegra to increase their production from 20 units per hour (UPH) to 29.3 UPH,
as seen below in figure 2. Also, assuming that Tegra is contracted to make 100,000 femur rod units, the automated
process would save them about $130,000 over the length of the contract due to decreased machine time and the
elimination of the operator burden rate. The old method and new method production costs can be found in figure 3
below.
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Figure 2. Old vs. New Method UPH Comparison

Figure 3. Old vs. New Method Cost to Make 100,000 Units

5. Future Work
In the future of this process, the best improvements could be made on the mounting of the nozzle. The mounting
would be more reliable if it were machined of metal rather than 3-D printed. Also, the bushings would then not be
necessary as the threads could be machined directly into the metal for the nozzle. Also, in the future, our design
could be applied to other parts/processes that require automated ejection. An important selection criterion for our
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nozzle was the universality of its fit. Our nozzle could be use on any number of appropriately sized parts that need to
be ejected with air.
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Design Checklist
10th Feb 2022

20th March 2022

20th April 2022

Femur Rod Removal
Automation

Automated Par Ejector for
Swiss Machine

Swiss Machine

Swiss Machine, air
regulator

Swiss Machine, air
regulator

Thermal Systems

-

-

-

Both

-

-

-

accessibility

-

-

-

aesthetics

-

-

-

codes

-

-

-

Our model must fit in a Swiss
machine position

Our design must be
able to be easily
constructed or 3-D
printed to install on a
Swiss machine position

Our design must be able to
be easily constructed or 3-D
printed to install on a Swiss
machine position

cost

-

-

-

ergonomics

-

-

-

extensibility

-

-

-

functionality

-

Our design needs to be
able to consistently,
successfully push the
femur rod out of the
back of the spindle.

Our design needs to be
able to consistently,
successfully push the femur
rod out of the back of the
spindle.

interoperability

-

-

-

legal considerations

-

-

-

maintainability

-

-

-

manufacturability

-

-

-

marketability

-

-

-

policy

-

-

-

Project Title & Area

Mechanical Systems

Multiple Constraints

constructability
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regulations

-

-

-

schedule

-

-

-

standards

-

-

-

sustainability

-

-

-

usability

-

-

-

Others

-

-

-

ASME Y14

-

Our engineering
drawings are subject to
ASME engineering
drawing standards

Our engineering drawings
are subject to ASME
engineering drawing
standards

standard

-

standard

-

standard

-

Appropriate
Standards

Process elements
identifying opportunities

-

-

-

Our design must be able to
push the femur rod

Our design must create
a seal with the smith
machine spindle and
reach the minimum
depth to push the rod

Our design must create a
seal with the smith machine
spindle and reach the
minimum depth to push the
rod

performing analysis and
synthesis

-

-

-

generating multiple
solutions

-

developing
requirements

evaluating solutions

-

We had two designs
that we considered, a
cylindrical nozzle and a
conic nozzle.
The conic nozzle was
decided on because it is a
more universal fit, and it
can be more easily
implemented
The risks posed
include accidentally
destroying the nozzle
with the Swiss machine
spindle, but once the
process is finalized that
will not be an issue

We had two designs that
we considered, a cylindrical
nozzle and a conic nozzle.
The conic nozzle was decided
on because it is a more
universal fit, and it can be
more easily implemented
The risks posed include
accidentally destroying the
nozzle with the Swiss
machine spindle, but once
the process is finalized that
will not be an issue

considering risks

-

making trade-offs

-

-

-

course

M E 324

M E 324

M E 324

course

-

-

-

course

-

-

-

Based on earlier
coursework
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7. Appendix

Figure 4. Design Testing

Figure 5. Design Testing
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Figure 6. Capstone Presentation

